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Solvation characteristics of 2,6-diphenyl-4-(2,4,6-triphenyl-1-pyridino)phenolate in completely miscible ternary
solvent mixtures (viz., methanol+ acetone+ water, methanol+ acetone+ benzene, and methanol+
chloroform + benzene) have been studied by using an electronic spectroscopic procedure. The transition
energy (E) corresponding to the charge-transfer band maximum of the solute in a ternary solvent mixture
differs significantly from the averageE-values in the component solvents weighted by the mole fraction of
the solvents. A two-phase model of solvation has been invoked to explain the results. The excess or deficit
of solvent components in the local region of the solute molecule over that in the bulk has been estimated
using the knowledge of solvation in binary solvent mixtures.

Introduction

The study of solvation in terms of solute-solvent and
solvent-solvent interactions is an important area of solution
chemistry. While the latter interaction is constant in a pure
solvent, the use of mixed solvent provides a means of its
modification by varying the composition of the solvent mixture.
As such, the chemical physics of solvation in solvent mixtures
is a subject of current interest.1-8 Experimental evidence
suggests that the solute may induce a change in the composition
of the solvation sphere compared to that in the bulk.9 The
phenomenon, known as preferential solvation, has been studied
in recent years for binary solvent mixtures, both experi-
mentally10-16 and theoretically,17-21 in terms of solvent-solvent
and differential solute-solvent interactions. Addition of a third
solvent component is likely to modify the solvent-solvent
interaction in the immediate neighborhood of the solute.
Systematic investigation along these lines has not yet been made.
It is therefore instructive to study the modification of the local
composition compared to that in the bulk as induced by the
interactions in a ternary solvent mixture.

Electronic spectroscopy provides a suitable method for
studying solvation interaction. It has been observed that the
maximum energy (E) of absorption at the charge-transfer (CT)
transition in various solutes acts as a reporter of the local
composition around the solute molecule and reflects the solute-
solvent and solvent-solvent interactions at the microscopic
level.22 It has been known that the value ofE for the dye 2,6-
diphenyl-4-(2,4,6-triphenyl-1-pyridino)phenolate in a given
solvent (often known as theET(30) value of the solvent) depends
dramatically on the solvent.23,24In a series of communications,
it has been shown that information about the local composition
is often obtained in a binary solvent mixture by studying the
ET(30) values.24 In recent communications, we have also
reported preliminary investigations on the solvation of this dye
in ternary solvent mixtures.25,26 The objective of this paper is
to study the role of solute-solvent and solvent-solvent
interactions on the solvation characteristics of the dye as
obtained by monitoring theET(30) values as a function of
solvent composition in ternary solvent mixtures. Three solvent
mixtures, namely, methanol+ acetone+ water, methanol+
acetone+ benzene, and methanol+ chloroform + benzene,

have been included in the present study. The solvation charac-
teristics of the solute in binary solvent mixtures containing these
solvents have been reported in the literature.10,35 A realistic
model of solvation in a ternary solvent mixture has been
presented to interpret the results. Information about the knowl-
edge of binary solvation involving the solvents as obtained from
the literature has been utilized to analyze the results on ternary
solvation using the model.

Experimental Section

A sample of 2,6-diphenyl-4-(2,4,6-triphenyl-1-pyridino)-
phenolate, the indicator solute for theET(30) scale, was obtained
from Professor Ch. Reichardt, Marburg, Germany, as a gift.
Methanol, ethanol, acetone, benzene, and chloroform were
purified and dried by standard procedures.27 All of the solvents
were distilled from calcium hydride immediately prior to
experiment. This ensured the absence of oxidizing impurities
in the solvent. Triply distilled water was used for the experi-
ments. Mixed solvents were prepared by carefully mixing the
components by weight. Special care was taken to avoid
contamination by air/moisture during mixing of the solvent
components. Spectral measurements were taken on a Shimadzu
UV2101PC spectrophotometer. Temperature was controlled to
298 ( 0.1 K by circulating water from a thermostat. Band
maximum was determined by using the peak-finding software
on the instrument. To check the reproducibility, the position of
the band maximum in a particular solvent mixture was measured
in a number of replicate measurements. The precision of
replicate measurement was(1 nm. Concentrations of the solute
in the solutions were in the range 10-4-10-5 M. The E-value
was calculated from the wavelength maximum according to the
following formula

The inaccuracy of(1 nm in the measurement ofλ leads to
inaccuracy in the value of the energy maximum of(0.1 kcal
mol-1.

Results

The CT absorption band of the solute in the ternary mixture
appears broad and structureless. Solvatochromism of the band* E-mail: bsanjibb@yahoo.com.

E/kcal mol-1 ) 28 590/(λ/nm) (1)
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is continuous, reversible, and independent of the concentration
of the solute in the range studied. The bandwidth and shape
practically remain unchanged, and no isosbestic point is
observed in the spectrum. All these facts indicate that the
shift of band maximum is not caused by a change of equilibria
between different chemical species in solution. Figure 1 shows
the experimental solvent compositions on a triangular plot.
Values of maximum absorption energy in a ternary solvent
mixture, E123, at various compositions at 298 K have been
listed in Tables 1-3. For an ideal solvation behavior, the value
of a solvent-sensitive property of a solute in a mixed solvent
is supposed to be given by the mole fraction average of the
property in pure component solvents.18,28 Thus, in an ideal
case, the value of the maximum energy of absorption in a

ternary mixture will be as follows

Ei andxi in eq 3 represent the maximum energy of absorption
and mole fraction ofith solvent, respectively. Values ofE123-
(ideal) and its difference fromE123, ∆, have been listed in Tables
1-3. Note that a significant deviation ofE123 from the ideal
value has been observed. While the deviation from the ideal
value is always positive for the mixtures methanol+ acetone
+ benzene and methanol+ chloroform+ benzene, both positive
and negative deviations have been observed in the case of
methanol+ acetone+ water system. In our earlier work,25,26

we used the following equation to represent the composition
dependence of the solute property,E123, in a ternary solvent
mixture

whereA, B, andC are constants for a particular ternary mixture.
It may be mentioned that similar expressions have been used
previously to describe the composition dependence of a property
in a ternary solvent mixture in the absence of any solute.29-33

In the present case, also, eq 3 represents the experimental data
points with the best-fit values of the coefficientsA, B, andC
(within an uncertainty limit of ca. 10%) as given in Table 4.
Figure 2 shows the computed iso-∆ lines for the ternary systems.
It appears that iso-∆ lines are closed curves. The area enclosed
by the curve decreases as the value of∆ increases. It appears
that similar plots are obtained for methanol+ acetone+
benzene and methanol+ chloroform+ benzene systems. The
estimated solvent composition (xmethanol, xbenzene) where the
deviation from ideality is maximum can be estimated as (0.2,
0.3) and (0.2, 0.5), respectively, for methanol+ acetone+
benzene and methanol+ chloroform+ benzene mixture. For
methanol+ acetone+ water, however, the nature of iso-∆ plot

Figure 1. Composition of ternary mixtures used in the present study:
(a) ) methanol+ acetone+ water; (b) ) methanol+ acetone+
benzene; (c)) methanol+ chloroform+ benzene.

TABLE 1: The Energy of Band Maximum ( E123) and Other
Related Parameters as a Function of Solvent Composition of
the Ternary Solvent Mixture Water (1) + Methanol (2) +
Acetone (3) at 298 K for Betaine Dye

x1 x2 Ea Eid
a ∆a δ1 δ2 δ3

0.20 0.20 52.4 57.6 -5.2 -0.31 0.09 0.22
0.60 0.20 51.1 49.2 1.9 -0.07 0.25 -0.18
0.30 0.30 51.9 54.8 -2.9 -0.23 0.14 0.09
0.40 0.30 51.3 52.7 -1.4 -0.17 0.16 0.01
0.25 0.50 53.1 54.5 -1.4 -0.16 0.15 0.01
0.50 0.25 50.7 50.9 -0.2 -0.13 0.18 -0.05
0.30 0.20 50.9 55.5 -4.6 -0.28 0.09 0.19
0.30 0.40 52.6 54.1 -1.5 -0.18 0.16 0.02
0.10 0.45 53.6 57.9 -4.3 -0.28 0.11 0.17
0.35 0.35 51.6 53.4 -1.8 -0.18 0.14 0.04
0.45 0.35 52.4 51.3 1.1 -0.11 0.25 -0.14
0.45 0.25 51.0 52.0 -1.0 -0.15 0.16 -0.01
0.35 0.30 51.6 53.8 -2.2 -0.19 0.13 0.06
0.15 0.35 52.9 57.6 -4.7 -0.30 0.12 0.18
0.55 0.25 50.8 49.9 0.9 -0.09 0.21 -0.12
0.60 0.30 50.3 48.5 1.8 -0.05 0.21 -0.16
0.65 0.25 50.2 47.8 2.4 -0.05 0.25 -0.20
0.65 0.10 49.6 48.8 0.8 -0.06 0.15 -0.09
0.70 0.15 49.3 47.5 1.8 -0.05 0.22 -0.17
0.70 0.20 49.9 47.1 2.8 -0.04 0.27 -0.23
0.75 0.10 48.3 46.8 1.5 -0.03 0.16 -0.13
0.80 0.10 48.3 45.7 2.6 -0.01 0.21 -0.20
0.80 0.15 48.9 45.4 3.5 -0.01 0.28 -0.27
0.20 0.40 52.9 56.2 -3.3 -0.25 0.13 0.12
0.20 0.60 52.9 54.8 -1.9 -0.14 0.07 0.07
0.30 0.50 52.3 53.4 -1.1 -0.13 0.11 0.02
0.40 0.10 51.3 54.1 -2.8 -0.18 0.07 0.11
0.40 0.50 52.4 51.3 1.1 -0.06 0.17 -0.11

a In kcal mol-1.

E123(ideal)) x1E1 + x2E2 + x3E3 (2)

E123 ) E123(ideal)+ x1x2x3(A + Bx1+ Cx2) (3)
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is different. In this case, two regions are clearly distinguished.
The water-rich region (N) is characterized by a negative value
of ∆, while for the acetone-rich region (P), the value of∆ is
positive (Figure 2a). The changeover from the negative to the
positive value of∆ takes place whenxacetone/xwater exceeds 1.5.

Discussion

It is known that the solute interacts with the solvents through
nonspecific and specific modes of solvation interaction, and the
maximum absorption energy depends on the dipolarity and
acidity of the solvent.24,34 Thus, in a ternary solvent mixture,
the solute will be solvated by the three component solvent
molecules; the relative extent of interaction will, however,
depend on the composition. To describe solvation in a ternary
solvent mixture, we use the following model, which is an
extension of the existing two-phase model of solvation in a
binary solvent mixture where solvent molecules presumably
distribute between the local and the bulk phases.21 The equi-

librium distribution of the solvent molecules between the local
and the bulk phases will be determined by the criterion of
minimum Gibbs free energy (G) of the solute-solvent system.
If Ni

L andNi are the number of solvent molecules ofith type in
the local and the bulk regions, respectively, theG for the system
is given by the following expression

In eq 4,εsi and εsj are the energies of solute- i-solvent and
i-solvent- j-solvent interactions. The superscript L indicates
the local phase. The first term in the square bracket on the right-
hand side of eq 4 represents solute-solvent interaction, the
second and third terms in brackets represent solvent-solvent
interaction in the local and bulk regions, respectively. The fourth
term represents the entropy term.Ni

L and Ni are related by
particle number conservation as follows

TABLE 2: The Energy of Band Maximum ( E123) and Other
Related Parameters as a Function of Solvent Composition of
the Ternary Solvent Mixture Methanol (1) + Acetone (2)+
Benzene (3) at 298 K for Betaine Dye

x1 x2 Ea Eid
a ∆a δ1 δ2

0.20 0.20 47.6 40.4 7.2 0.38 -0.15
0.20 0.60 48.6 43.5 5.1 0.35 -0.32
0.30 0.30 48.8 43.4 5.4 0.33 -0.21
0.30 0.40 49.4 44.1 5.3 0.34 -0.27
0.50 0.25 50.5 47.3 3.2 0.20 -0.16
0.25 0.50 48.8 43.8 5.0 0.33 -0.29
0.20 0.30 47.4 41.2 6.2 0.36 -0.22
0.40 0.30 51.0 45.5 5.5 0.33 -0.22
0.45 0.10 51.0 45.1 5.9 0.30 -0.08
0.35 0.35 49.6 44.8 4.8 0.30 -0.24
0.35 0.45 50.1 45.6 4.5 0.30 -0.27
0.25 0.45 48.3 43.4 4.9 0.32 -0.28
0.30 0.35 48.9 43.7 5.2 0.32 -0.24
0.35 0.15 48.7 43.3 5.4 0.28 -0.11
0.25 0.55 48.9 44.2 4.7 0.32 -0.29
0.30 0.60 49.7 45.7 4.0 0.28 -0.26
0.25 0.65 49.6 44.9 4.7 0.32 -0.29
0.10 0.65 46.0 41.7 4.3 0.31 -0.31
0.15 0.70 48.2 43.2 5.0 0.34 -0.32
0.20 0.70 48.5 44.3 4.2 0.29 -0.27
0.10 0.75 46.6 42.5 4.1 0.28 -0.28
0.10 0.80 46.3 42.8 3.5 0.24 -0.23
0.15 0.80 47.6 43.9 3.7 0.36 -0.32
0.40 0.20 49.0 44.7 4.3 0.24 -0.14
0.60 0.20 49.9 49.1 0.8 0.07 -0.10
0.50 0.30 50.3 47.7 2.6 0.17 -0.17
0.10 0.40 45.4 39.7 5.7 0.35 -0.26
0.50 0.40 51.3 48.5 2.8 0.19 -0.18
0.25 0.25 48.1 41.9 6.2 0.35 -0.18
0.25 0.35 48.4 42.6 5.8 0.35 -0.24
0.45 0.45 50.8 47.8 3.0 0.21 -0.19
0.35 0.10 48.4 42.9 5.5 0.10 -0.08
0.15 0.15 46.6 38.9 7.7 0.39 -0.12
0.25 0.20 48.0 41.5 6.5 0.35 -0.15
0.20 0.15 47.4 40.0 7.4 0.38 -0.12
0.30 0.10 48.0 41.8 6.2 0.31 -0.08
0.10 0.15 45.4 37.8 7.6 0.38 -0.11
0.40 0.40 50.2 46.3 3.9 0.26 -0.23
0.55 0.20 50.6 48.0 2.6 0.16 -0.13
0.50 0.10 49.5 46.2 3.3 0.18 -0.07
0.35 0.50 50.1 45.9 4.2 0.28 -0.26
0.35 0.30 49.1 44.4 4.7 0.28 -0.20
0.25 0.15 47.7 41.1 6.6 0.34 -0.12
0.10 0.10 45.0 37.5 7.5 0.37 -0.08
0.20 0.10 46.4 39.6 6.8 0.34 -0.08
0.45 0.25 49.8 46.2 3.6 0.22 -0.17
0.65 0.20 51.1 50.2 0.9 0.12 -0.10
0.15 0.10 46.1 38.5 7.6 0.37 -0.08
0.40 0.35 49.7 45.9 3.8 0.25 -0.22

a In kcal mol-1.

TABLE 3: The Energy of Band Maximum ( E123) and Other
Related Parameters as a Function of Solvent Composition of
the Ternary Solvent Mixture Methanol (1) + Chloroform (2)
+ Benzene (3) at 298 K for Betaine Dye

x1 x2 Ea Eid
a ∆a δ1 δ2

0.20 0.20 47.65 39.78 7.87 0.40 0.21
0.20 0.60 47.45 41.62 5.83 0.26 0.29
0.30 0.30 48.70 42.42 6.28 0.33 0.13
0.30 0.40 48.62 42.88 5.74 0.29 0.16
0.50 0.25 50.12 46.55 3.57 0.19 0.07
0.25 0.50 47.89 42.25 5.64 0.27 0.22
0.20 0.30 47.65 40.24 7.41 0.36 0.26
0.40 0.30 49.45 44.60 4.85 0.26 0.08
0.45 0.10 49.92 44.77 5.15 0.28 0.07
0.35 0.35 48.83 43.74 5.09 0.27 0.09
0.35 0.45 48.88 44.20 4.68 0.24 0.12
0.25 0.45 47.97 42.02 5.95 0.29 0.21
0.30 0.35 48.51 42.65 5.86 0.30 0.15
0.35 0.15 49.16 42.82 6.34 0.34 0.11
0.25 0.55 47.87 42.48 5.39 0.26 0.20
0.30 0.60 48.41 43.80 4.61 0.23 0.14
0.25 0.65 47.57 42.94 4.63 0.22 0.19
0.10 0.65 45.67 39.67 6.00 0.21 0.52
0.15 0.70 47.10 40.99 6.11 0.25 0.39
0.20 0.70 47.14 42.08 5.06 0.22 0.28
0.10 0.75 45.45 40.13 5.32 0.18 0.48
0.10 0.80 45.89 40.36 5.53 0.18 0.53
0.15 0.80 46.68 41.45 5.23 0.20 0.39
0.40 0.20 49.64 44.14 5.50 0.29 0.11
0.60 0.20 50.92 48.50 2.42 0.13 0.04
0.50 0.30 50.16 46.78 3.38 0.18 0.06
0.10 0.40 45.93 38.52 7.41 0.30 0.49
0.50 0.40 49.94 47.24 2.70 0.15 0.03

a In kcal mol-1.

TABLE 4: Values of A, B, and C for Different Ternary
Solvent Mixtures

solvent mixture A B C

acetone+ methanol+ water -519 914 445
acetone+ methanol+ benzene 656 -295 992
chloroform+ methanol+ benzene 279 326 -540

G ) [N1
L
εs1

L + N2
L
εs2

L + N3
L
εs3

L] + [N1
L(N1

L - 1)ε11
L/2 +

N2
L(N2

L - 1)ε22
L/2 + N3

L(N3
L - 1)ε33

L/2 + N1
LN2

L
ε12

L +

N3
LN2

L
ε23

L + N1
LN3

L
ε31

L] + [N1(N1 - 1)ε11/2 + N2(N2 -
1)ε22/2 + N3(N3 - 1)ε33 /2 ] + N1N2ε12 + N2N3ε23+

N3N1ε13 - {kT ln[(N1
L + N2

L + N3
L)!/(N1

L!N2
L!N3

L!)] +
kT ln[(N1 + N2 + N3)!/(N1!N2!N3!)]} (4)

Ni
L + Ni ) Ni

T )
total number ofi-solvent molecules (i ) 1, 2, 3) (5)
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Values ofN1
L, N2

L, andN3
L vary with solvent composition. We

assume that the total number of molecules in the local region
(cybotactic zone), (N1

L + N2
L + N3

L) is constant. If we consider
the first layer of solvent molecules as constituting the local
(cybotactic) region, the constancy of the total number of solvent
molecules is valid when the molecules have the same size.21

With this assumption, the number of independent composition
variables in the expression forG reduces to two. Thus, taking
N1

L andN2
L as two independent variables, we get the following

two conditions for equilibrium solvation

and

The termKij, defined as [(Ni
LNj)/(NiNj

L)] ) [(xi
Lxj)/(xixj

L)], may
be looked upon as the equilibrium constant for the following
solvent exchange equilibrium.

whereih andjh represent component solvent molecules in the local
(cybotactic) region, whilei and j represent those in the bulk.
Equations 6 and 7 indicate that the value ofKij is dependent on
solute-solvent interaction and solvent-solvent interaction or
solvent nonideality effect (terms in the first and second square
brackets, respectively, in the right-hand side of eqs 6 and 7).
Moreover, the solvent nonideality effect is dependent on the
composition of the solvent mixture. When all of theε-values
are equal andεij

L ) εij, which is equivalent to ideality of the
solvent behavior, the terms in the second square bracket of eqs
6 and 7 vanish. Similar expressions for the equilibrium constant
for the solvent exchange equilibrium have been derived previ-
ously for binary solvation.21 The value ofKij * 1 indicates that
xi

L * xi, meaning that the composition of the solvent mixture
in the local region is different from that in the bulk.

The maximum transition energy per mole,E123, under these
conditions, may be written as26

Figure 2. Curves of constant∆-value for water+ methanol+ acetone (a), methanol+ acetone+ benzene (b), and methanol+ chloroform+
benzene (c).∆-values in kcal mol-1 for iso-∆ curves (from outermost to innermost) are 4.0, 6.0, 8.0, and 10.0, respectively, for (b) and 4.0, 6.0,
and 8.0, respectively, for (c). For (a), the positive and negative∆-values are shown in the regions P (∆ ) 1.0, 2.0, and 3.0 from outer to inner) and
N (∆ ) -0.5, -1.0, and 2.0, respectively). Compositions on the solid curve are characterized by∆ ) 0.

kT ln K13 ) kT ln[(N1
LN3)/(N1N3

L)] ) [εs3
L - εs1

L] +

[N1ε11 - N1
L
ε11

L - N3ε33 + N3
L
ε33

L + (N1
L - N3

L)ε31
L -

(N1 - N3)ε31 + N2ε12- N2
L
ε12

L - N2ε13 + N2
L
ε23

L +

(ε11
L - ε33

L)/2 - (ε11 - ε33)/2] (6)

kT ln K23 ) kT ln[(N2
LN3)/(N2N3

L)] ) [εs3
L - εs2

L] +

[N2ε11 - N2
L
ε22

L - N3ε23 + N3
L
ε23

L + (N2
L - N3

L)ε32
L -

(N2 - N3)ε32 + N1ε12- N2
L
ε12

L - N1ε31 + N1
L
ε31

L +

(ε22
L - ε33

L)/2 - (ε22 - ε33)/2] (7)

ih + j ) i + jh (8)

E123 ) ∑Ni
LEi/∑Ni

L (9)
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In eq 9,∑Ni
L represents the total number of solvent molecules

in the local region and, for solvent molecules having almost
equal size, may be assumed to be constant. Thus, defining the
local mole fraction asxi

L ) Ni
L/∑Ni

L (i ) 1, 2, 3), we have

The value ofxi
L is, in general, different from that ofxi. This is

because of differential solute-solvent interaction and solvent-
solvent interaction as can be seen from eqs 6 and 7. Equation
10 is an extension of the similar equation applied for binary
solvent mixture.10,14,15,21

To calculate the excess or deficiency of a solvent component
in the cybotactic region over that in the bulk, we proceed as
follows: From eqs 2 and 10. we write

Defining a quantityδi ) (xi
L - xi), which is a measure of the

excess or deficit of thei-solvent in the local region compared
to that in the bulk, and noting that∑δi ) 0, we have

The component solvents of the ternary mixture in the present
investigation have been chosen such thatE1 > E2 > E3. The
overall sign of∆ thus depends on the signs ofδ1 andδ2. Note
that, unlike the case of binary solvation, the apparent deviation
from ideality,∆ ) 0, does not necessarily mean the equality of
local and bulk mole fractions (δi ) 0). Rather, the local
compositions of all the components differ from that in the bulk
in such a way that the value of the parameterE123 calculated
according to eq 10 equals the ideal value. To calculateδ1 and
δ2, we need another equation betweenδ1 and δ2. From the
definition of K12, it follows that K12 ) [(x1 + δ1)x2]/[x1(x2 +
δ2)], which on rearrangement gives the following equation

Thus, knowledge of the equilibrium constant for solvent
exchange equilibrium,K12 (or, in general,Kij), would lead to
the evaluation of individualδ values. Values ofKij cannot,
however, be obtained from studies of solvation in a ternary
solvent mixture. In our studies with binary solvent mixtures, it
has been noted that electron spectroscopic studies provide a
method for the estimation ofK12.15 It has also been found that
K12 values for binary solvent mixtures are smooth functions of
the ratio of the mole fractions of the solvent components,x1/x2.
Figure 3 shows the representative plots indicating composition
dependence ofK12 for binary mixtures. We have assumed that
the preferential solvation parameterK12 (which is a measure of
excess solute properties) obtained in binary solvent mixtures is
transferable to ternary solvation for the same solute. A similar
procedure for explaining excess solvent properties in a ternary
mixture has been reported in the literature.29-31 In our present
work, we have assumed that the value ofK12 in a ternary solvent
mixture depends similarly onx1/x2 to that observed for binary
solvation of the solute involving solvents 1 and 2. Thus, in our
calculation for a particular ternary solvent composition (x1, x2,
x3), we have taken the value ofK12 as obtained from the binary
solvation of the solute for the same (x1/x2) ratio. For example,
the value ofK12 for the solute in the methanol (1)+ water (2)
binary mixture at a particularx1/x2 ratio, as calculated from the
literature data,10 has been used for the methanol (1)+ water
(2) + acetone (3) ternary mixture for the samex1/x2 ratio.

Similarly, data for acetone+ benzene35 and methanol+
chloroform10 have been used for evaluatingδ minus values for
methanol+ acetone+ benzene and methanol+ chloroform+
benzene, respectively. Values ofδ1 andδ2 were then calculated
using eqs 12 and 13. The values have been listed in Tables
1-3.

For methanol (1)+ acetone (2)+ benzene (3), the solvent
sign of δ1 is positive, while that ofδ2 or δ3 is negative. A
positive value ofδ indicates that the solvent component 1 is in
excess in the local region relative to the average composition.
Thus, methanol is preferred in the local region. This is
intelligible in terms of the high hydrogen bonding ability of
methanol to the phenolate ion in the solute.24 The positive value
of δ1 for the methanol (1)+ chloroform (2) + benzene (3)
mixture can be similarly explained. But, in this case, the value
of δ2 is positive. The different result obtained when chloroform
replaces acetone in the ternary mixture is not very clearly
understood. It is known that methanol and acetone form 1:1
hydrogen bonds,29 and this solvent-solvent interaction may
modify the preference of acetone (compared to that of chloro-
form) in a mixture containing methanol and benzene. The values
of δ1 are negative for the water (1)+ methanol (2)+ acetone
(3) system, while theδ2 values are positive, meaning that
methanol is preferred in the local region of the solute whereas
water molecules are deficient in that region. It can be mentioned
in this context that electronic spectral studies of the dye in binary
methanol+ water mixed solvent indicates preferential solvation
of the dye by methanol.10 This can be rationalized in terms of
self-association of the water molecules in the mixture.12,36Values
of δ3 for the ternary mixture are positive when the ratiox3/x1

e 1.5 and negative when the ratio exceeds 1.5. Thus, the signs
of δ3 andδ1 are opposite whenx3/x1 g 1.5, which is tantamount
to saying that acetone is relatively richer than water in the local
region than in the bulk acetone+ water mixture in this region.
It is interesting to note that solvation studies of the dye in an
acetone+ water binary mixed solvent indicate similar solvation
behavior.10,36 Thus, the characteristics of binary solvation are
also retained in the case of ternary solvation of the same solute.

Conclusions

Information regarding the cybotactic zone around a solute in
a ternary solvent mixture can be obtained by monitoring the
electronic CT absorption band of the solute. The local composi-
tion of solvents in the local (cybotactic) region differs from that

Figure 3. Experimental values ofK12 as a function ofx1/x2 for (a)
methanol (1)+ water (2) and (b) acetone (1)+ benzene (2) mixed
binary solvents for the indicator solute.

E123 ) x1
LE1 + x2

LE2 + x3
LE3 (10)

∆ ) E123 - E123(ideal)) ∑(xi
L - xi)Ei (11)

∆ ) δ1(E1 - E3) + δ2(E2 - E3) (12)

(δ1/x1) - (δ2K12)/x2 ) (K12 - 1) (13)
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in the bulk and originates from solvent-solvent and differential
solute-solvent interactions. A method has been discussed for
the calculation of the excess or deficit of a solvent component
in the local region relative to the average bulk composition using
information obtained from binary solvation of the solute.
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